There are at least 10 serotypes of epizootic hemorrhagic disease virus (EHDV), designated EHDV-1 to EHDV-10, 1l distributed worldwide, identified by serum neutralization and plaque inhibition test. 27 Outbreaks of epizootic hemorrhagic disease (EHD) in deer have been reported in many parts of the United States. 6, 7, 9, 21, 25, 26 I n cattle, isolations of EHDV have been reported in North America, 18, 19 Australia, 11 Asia, 14 and Africa. 13 Serologic evidence of EHDV infection in cattle is distributed worldwide. 19, 22, 23 Experimental inoculation of European breeds of sheep and cattle with EHDV failed to reproduce clinical hemorrhagic disease, although viremia was detected for as long as 50 days. 10 However, cases of clinical hemorrhagic disease in cattle associated with EHDV infection have been described, with clinical signs similar to those caused by bluetongue (BLU) virus. 14, 19 The major thrust of the current research conducted in our laboratory is towards developing improved diagnostic methods for orbivirus infections in domestic and wild ruminants using molecular biological techniques. Recent studies have focused on polymerase chain reaction (PCR)-based assays for detection of EHDV and BLU virus in cell culture and clinical samples. 2, 3, 5 In the present investigation, calves were experimentally inoculated with EHDV serotype 1 or 2, which are enzootic in the United States, 19 to reproduce infection and to compare PCR technology to conventional virus isolation and serology. Two 4-6-month-old calves were purchased, and after repeated clinical examinations for evidence of clinical disease, each calf was subjected to virologic and serologic examination to eliminate the possibility of EHDV infection. The calves were healthy and free of EHDV infection. One calf was inoculated with 2 ml of EHDV-1 (New Jersey strain) at a dose of 1 x 10 6 TCID 50 /ml, and the other calf was inoculated with 1 ml of EHDV-2 (Alberta strain) at the same dose. The inoculation of the virus was by intradermal and subcutaneous injections in the shaved neck region. Physical examination was conducted daily during the first 14 days for the presence of clinical signs. During the course of the experiment, the animals were housed in insect-secured enclosures and were fed a ration of concentrate and hay with water ad libitum. Heparinized blood samples were collected from the jugular vein for virus isolation (VI) and detection of virus nucleic acid sequence by PCR. Sera were separated and stored frozen at -20 C until used. Processing of the blood samples for VI was as described previously. 3 The blood cells were washed twice with phosphate-buffered saline containing 100 units penicillin/ml and 200 mg streptomycin/ml. The washed blood cells were restored to the original volume with 2 mM Tris buffer (pH 8.0) to lyse the blood cells. Baby hamster kidney (BHK-21) cells were prepared in minimal essential medium (MEM) containing 100 units penicillin/ml and 100 mg streptomycin/ml, 10% tryptose phosphate broth, and 10% fetal bovine serum (FBS) that was heat inactivated at 56 C for 30 minutes. Cell cultures were incubated at 37 C in a humidified incubator with 5.0% carbon dioxide until confluent monolayers were obtained (usually 2-3 days). The BHK-21 cell monolayers were inoculated with lysed red blood cells diluted 1:10 in MEM. 3 After incubation at 37 C for 1 hour, the inoculated cell cultures were supplemented with MEM containing 2% tryptose phosphate broth and trypsin at a concentration of 2 µg/ml. No FBS was used. The cell cultures were again incubated at 37 C and observed daily until cytopathic effect was 80% complete. Cultures with no cytopathic effect were blind passaged. All cytopathic agents were identified by a plaque inhibition assay. 27 The remaining lysed blood samples were stored at 4 C for further analysis by PCR assay. Total nucleic acid was extracted from lysed blood as described previously. 5 Five microliters of the total nucleic acid extract was used in the PCR assay. The EHDV PCR assay was performed using primers derived from genome segment 6 of EHDV-2, which codes for NS1 13,17,20 as previously described. 5 Following amplification, 20 µl of the PCR product was visualized on 2% ethidium bromide-stained aga- rose gels or detected by chemiluminescent hybridization. Southern blot with chemiluminescent hybridization was performed as described previously. 3 The serologic responses of the calves to EHDV infection was monitored by the agar-gel immunodiffusion (AGID) test 4, 23 and a modification of a serotype-specific competitive enzyme-linked immunosorbent assay (cELISA) for detection of BLU virus described previously 24,30 utilizing monoclonal antibodies for EHDV-1 and EHDV-2.
The inoculated calves appeared to be normal and did not show any adverse clinical signs during the course of the experiment. No pyrexia was recorded during the course of the experiment, as indicated by rectal temperature taken daily. Clinical signs of hemorrhagic disease were not observed in any of the inoculated calves. The reverse transcriptase PCRbased assay with chemiluminescent hybridization detected EHDV nucleic acid sequence in blood samples from the inoculated calves as early as postinoculation day (PID) 3, and the calves remained PCR positive throughout the 28 days of the experiment. The virus was consistently isolated on BKH-21 cell monolayers from the EHDV-1-inoculated calf during the period between PID 9 and PID 23, whereas the EHDV-2-inoculated calf was VI positive between PID 8 and PID 16 (Table 1) . Precipitin lines were first observed at PID 15 with sera from the EHDV-1-inoculated calf and at PID 22 with sera from the EHDV-2-inoculated calf. Using cELISA, antibodies to EHDV-1 and EHDV-2 were detected in sera from the 2 calves at PID 21 and PID 22, respectively. The calves remained seropositive to EHDV throughout the 28 days of the experiment.
Accurate diagnosis of EHDV infection during an outbreak of the disease among susceptible ruminants by clinical signs or pathologic changes is rather difficult because BLU virus, an orbivirus closely related to EHDV, 8 may cause clinical signs and pathologic changes indistinguishable from those produced by EHDV infection. 12, 15, 19 In addition, lack of success in isolating EHDV from clinical samples was reported in several studies. 5, 25, 30 The lack of virus isolation has been attributed to insufficiently sensitive techniques used to isolate the virus or to viremia being missed because of infrequent monitoring of the infected animals. 30 Moreover, serology is complicated by cross-reactions between orbiviruses. 23, 30 Although the use of an indirect ELISA has improved the diagnosis of the disease, its application as an immunodiagnostic test to validate EHDV infection during an outbreak is limited because the technique is applicable only to blood samples and requires at least 14 days postinfection for the production of anti-EHDV antibodies in bovids. 1 EHDV is of concern to many governmental agencies because of the restriction on the international trade of livestock and their germplasm to countries with no evidence of infection.
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Therefore, the development of molecular diagnostic techniques that provide rapid, sensitive, specific, and inexpensive detection of EHDV and BLU virus would be advantageous. 2, 3, 5, 29 In the present study, the PCR assay with chemiluminescent hybridization detected EHDV nucleic acid in blood samples from both calves at PID 3 and thereafter until the last day of the experiment (PID 28). EHDV serotypes 1 and 2 were first isolated at PID 8 and PID 9, respectively, in BHK-21 cells, and the viruses were consistently isolated for 8-14 days thereafter. In this study, the use of trypsin at a concentration of 2 µg/ml as described previously 23 increased the sensitivity of the BHK-21 cell monolayer for isolation of the virus. The PCR-based detection assay is an extremely sensitive procedure, and hence PCR-positive and VI-negative results from the same clinical sample are not surprising 5, 16 PCR-positive results can be obtained from clinical . samples containing incomplete virions or viral nucleic acid as well as infectious virus. Therefore, the biological significance of a PCR-positive result must be interpreted with caution in light of presence of viral nucleic acid and absence of infectious virus. Cross-contamination in PCR reactions is also a problem. In experimental BLU virus infection of calves, PCR-positive but VI-negative blood samples were not infectious either to the insect vector or to calves, suggesting that only intact infectious viral particles may play a role in the infection and epidemiology of bluetongue.
16 Additional research is necessary to confirm this finding with other orbiviruses, including EHDV. The PCR-based detection assays, in spite of the problems associated with their use, will continue to be important diagnostic techniques for detection and differentiation of orbivirus infections during disease outbreaks, because at least 2-4 weeks are required for isolation and identification of the virus in a susceptible cell line. 4, 5, 23, 30 A definitive diagnosis of an EHDV-infected clinical sample using the EHDV PCR-based detection assay with chemilumiscent hybridization can be obtained within 2-3 days. Conventional virus isolation procedures will remain important for understanding the biology of viruses and the epidemiology of their diseases. The immune response of the EHDV-1-inoculated calf was first detected at PID 15 using the AGID test and at PID 21 when the cELISA was used. However, the immune response of the EHDV-2-inoculated calf was detected at PID 22 by both AGID and cELISA. The inoculated calves remained EHDV seropositive in both AGID and cELISA tests throughout the course of the experiment. In this study, antibodies to EHDV were detected earlier in sera from the EHDV-1-inoculated calf probably because this calf was inoculated with a relatively higher dose of the virus. The AGID test seemed to detect EHDV-1 antibodies as early as PID 15, whereas with the cELISA a positive result was first detected at PID 21. However, cross-reactions between orbiviruses in the AGID test limit its use as a definitive serodiagnostic test. 1, 23, 30 Although the sample size was small, this study did allow application of a PCR-based assay for detection of EHDV in blood samples from experimentally infected calves and comparison of PCR technology to conventional virus isolation and serologic techniques. Currently, we are evaluating EHDV infection during a sentinel study of cattle in the San Joaquin Valley, California. In the present study, the virus inoculations described did not cause clinical hemorrhagic disease in calves. However, experimentally infected calves can amplify the virus and will become seropositive on EHDV AGID and cELISA by 2-3 weeks postinfection. PCR represented the most sensitive and specific method for identifying viral nucleic acid. However, virus isolation represented the only method of identifying infectious virus in these calves.
Economic Community, Annex 2-a and 2-b. USDA, Washing-30. Work TM, Jessup DA, Sawyer MM: 1992, Experimental Equine encephalitis viral infections have been reported in commercial, domestic, and free-living flocks of passerines and columbiforms for several decades. [1] [2] [3] 5, 8 Most infections are attributed to eastern equine encephalitis (EEE), but several outbreaks of western equine encephalitis (WEE) have been documented. 1, 3, 8 In 1991, the first confirmed outbreak of EEE was reported in ratites, specifically emus in southeastern Louisiana. 6 This outbreak coincided with unseasonably heavy rainfall, an abundance of arthropod vectors, and close proximity to reservoir host species.
In this paper, we describe a confirmed outbreak of WEE that involved 6 different flocks of emus during August and September 1992 in west-central Oklahoma. The farms with affected emus were within a 25-mile radius of Cordell, Oklahoma. A total of 9 birds developed clinical signs (10-50% morbidity) and 1 4-year-old bird died. Affected birds ranged in age from 34 months to 6 years of age. Two of the sick birds had a history of recent transport (within 7 days) prior to the onset of clinical signs.
Severity of signs varied from mild to marked (death). Affected birds exhibited anorexia and weight loss. Sick emus were reluctant to get up, often remained sitting as if depressed, and had an S-shaped cervical curvature. Affected birds often appeared to be sleeping and even after arousal appeared to be drowsy. Aroused sick birds were ataxic and weak in the legs and often appeared to be side stepping to maintain balance. Some birds were hyperpneic when aroused. Three of the 9 affected birds had watery diarrhea with a greenish urate portion. Treatment generally was supportive and consisted of oral electrolytes and broad-spectrum antibiotics.
At necropsy of the only emu to die, there was marked congestion of the meninges, brain, liver, spleen, kidney, and mesenteric blood vessels. The small intestinal content was scanty and mucoid.
Histologic lesions were confined to the meninges and brain. A multifocal, moderate, mixed lymphocytic, histiocytic, and heterophilic meningitis was observed in the meninges of the cerebrum and cerebellum (Fig. 1) . The blood vessels of the meninges and neuropil were markedly dilated and congested.
A moderate increase in oligodendroglia and neuronal satellitosis were seen in the mid and caudal brain stem. Scattered groups of distended empty axonal spaces and rarely axonal degeneration was observed in the neuropil. Random neurons contained cytoplasmic granules of yellow-gold or slightly eosinophilic pigment, which did not stain with acid fast, periodic acid-Schiff, or cresyl violet stains.
The diagnosis of WEE was confirmed by isolation of WEE virus from the brain of the bird that died by the National Veterinary Services Laboratory, Ames, Iowa.
Serum samples collected from 4 birds that had clinical
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